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[57] ABSTRACT

Apparatus 1s disclosed for providing error compensa-
tion of a video information signal having a PAL format.
Sampling of the analog PAL format video information
signal 1s done at a rate of four times the chrominance
subcarrier frequency and is done in a precise manner
whereby the samples are taken along orthogonal vector
axes that are oriented at 45° relative to the U and V
vector axis. When samples are taken at the prescribed
locations, substitute samples in the form of multi-bit
digital words can be used as replacements for defective
or missing sample words, which replacement samples
exhibit the same vector phase as the defective sample,
but which are taken from either the preceding or suc-
ceeding line relative to the line in which the defective
sample 18 located. The apparatus of the present inven-
tion obviates the necessity of performing any arithmetic
computation to derive the value for the sample to be
substituted. Moreover, the sample is spatially closely
related to the defective sample, i.e., it is merely spatially
removed one horizontal line from the line of interest
and 1s vertically aligned relative to the defective sample.
The detection of a defective sample activates the appa-
ratus to automatically substitute the proper digital data
word sample for the defective sample. If part of or an
entire line is missing or defective, the system automati-
cally inserts an average of the preceding and succeeding
line during the period of time when the missing or de-
fective information is detected.

7 Claims, 7 Drawing Figures
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APPARATUS FOR PROVIDING DROPOUT
COMPENSATION AND ERROR CONCEALMENT
IN A PAL FORMAT VIDEO INFORMATION
SIGNAL

BACKGROUND OF THE INVENTION

The present invention generally relates to a system
for sampling an analog video information signal having
a PAL format and, more particularly, is directed to
dropout and/or error concealment of the resulting digi-
tal data stream. Specifically, the sampling is accom-
plished at 45°, 135°, 225° and 315° with respect to the U
color difference component of the chrominance.

The present invention 1s intended for use with a video
recording and reproducing apparatus such as a mag-
netic tape recording and reproducing apparatus, al-
though other types of recording and reproducing appa-
ratus may advantageously incorporate the present in-
vention as will be apparent from the following descrip-
tion. The present invention utilizes apparatus for sam-
pling an analog video information signal with a PAL
format at four times the frequency of the subcarrier
component of the signal. The resulting digitized sam-
ples provide significant advantages in terms of the dy-
namic range of the sampling system and also increase
the phase accuracy and therefore the resulting accuracy
of the color information while providing a simple and
effective method for error compensation of defective
and/or missing data.

.Recent research and development has been directed
toward digital recorders which do not employ FM
recordmg, but instead record digital words that repre-
sent samples which were taken of the analog video
information signals. The digital words are recorded and
reproduced and subsequently converted back to analog
signals. There are significant advantages in recording
digital signals as opposed to FM recording, among
which reside 1 the fact that during playback or record-
ing, the video signal is not degraded by head to tape
spacing losses, Moire, noise and velocity errors. The
digital signals permit error correction to be more accu-
rately achieved using data from preceding and succeed-
ing horizontal video lines for correction of defective or
missing data words that result from unsuccessful recov-
ery of the data, often referred to as dropouts, wherein
an imperfection in the magnetic tape or other problem
- results in the loss of the signal for very short intervals
during reproducing.

Another inherent advantage of digital video record-
ing and reproducing apparatus is that the sampling of
the analog signal can be done at a precise phase relation-
ship and accomplished before recording. Because the
phase relationship is set before recording, it will not be
changed during playback by the presence of any veloc-
ity errors. Velocity errors and the like can not affect the
phase relationship once sampling is done. It should be
appreciated that the accuracy of the phase relationship
is determinative of the resulting accuracy of the color
information that is recorded and reproduced. In other
words, if the sampling clock which determines the ac-
tual phase location of the samples taken during each
subcarrier cycle is incorrect, then the resulting errors in
the color information will be fixed in the samples taken
thereby detrimentally affecting the resulting repro-
duced color information. While they will not change
during reproducing as a result of velocity errors and the
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like, any error that is inserted during the samphng pro-
cess will occur during reproducing.

Since the sampling clock controls the phase locations
at which the samples are taken, it is extremely important
that the phase of the sampling clock be made to accu-
rately follow the analog video information signal. The
sampling clock i1s controlled by the known phase rela-
tionship to a signal component which is present in the
cycles of burst located on the back porch of a blanking
interval subsequent to the horizontal sync pulse of each
horizontal line. Since the sampling clock is used to
sample the burst component of the chrominance subcar-
rier as well as the active video information for each
video line, the samples of the burst component can be
stored and thereafter examined to determine if any
phase error exists between the sampling clock and the
burst component. By appropriately choosing the sam-
pling locations of the burst component, the accuracy of
the phase synchronization can be increased, and the
dynamic range of the sampling system can be effec-
tively increased as well. Additionally, in accordance
with the present invention, by judiciously choosing the
sampling locations of the bust component, improved
error concealment can be achieved. As will be more
fully described, the improved error concealment is a
direct result of the choice of the sampling phase loca-
tions.

Accordingly 1t 1s an object of the present invention to
provide an improved sampling apparatus which samples
a PAL format video information signal at a rate of four
times the frequency of the chrominance subcarrier at
locations which are oriented at 45° relative to the U and
V vector axes of the PAL signal which permits the use
of an improved error concealment technique where a
substitute digital data word sample can be obtained and
substituted for a defective or missing sample without
performing any arithmetic computation.

These and other objects will become apparent upon
reading the following detailed description, while refer-
ring to the attached drawings, in which:

FIG. 1 1s a phasor diagram illustrating the various
vector components of the chrominance signal, together
with the color burst component, of a PAL format tele-
vision signal;

FIG. 2 1s a graph illustrating a PAL information
video signal having fully saturated colors and showing
peak signal levels that are obtained when the signal is
sampled at four times the chrominance subcarrier fre-
quency along the U and V vector axes in accordance
with the prior art;

FIG. 3 1s a graph illustrating a PAL information
video signal having fully saturated colors and showing
peak signal levels that are obtained when the signal is
sampled at four times the chrominance subcarrier fre-
quency along the (U+V) and (U~—V) axes;

FIG. 4 is a pictorial diagram illustrating consecutive
video samples of three consecutive horizontal lines of a
PAL television field format signal, namely, lines 22, 23
and 24, with lines 335 and 336 of the alternate field
shown in phantom, and highlighting the error conceal-
ment technique of the present invention;

FIG. § 1s a functional block diagram of the apparatus
particularly embodying the error concealment appara-
tus of the present imvention;

FIG. 6 is a pictorial waveform dlagram of the color
burst component of a PAL format analog video infor-
mation signal, illustrating samples taken thereof in ac-
cordance with the invention; and,
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FIG. 7 is a functional block diagram of a portion of
the apparatus particularly illustrating the sampling
clock phase control portion thereof.

DETAILED DESCRIPTION OF THE
APPARATUS

The present invention includes the sampling of a
PAL format analog information signal at a precise pre-
determined frequency and phase relationship which
produces a digital data stream of digital word samples
which can be recorded on a recording medium such as
magnetic tape by a video recording apparatus and
which can be reproduced by reproducing apparatus and
also converted back to its original form of an analog
video information signal. As a result of the method by
which the signal is sampled, reliable and efficient error
concealment can be accomplished upon reproducing in
a manner whereby substitute samples that are spatially
close to defective or missing samples can be inserted in
the digital data stream. In the preferred implementation
the substitute samples are identical with respect to their
chrominance vector phase and are spatially close, 1.e.,
they are taken from locations of the immediately pre-
ceding or immediately succeeding horizontal line rela-
tive to the line in which the defective or missing sample
is located. A particular advantage of the error conceal-
ment apparatus embodied herein is the fact that the
replacement or substitute sample is located immediately
adjacent the defective sample, i.e., the substitute sample
is vertically aligned with the defective sample and is
only one horizontal line displaced from the defective
sample and is in the same field of video information as
the defective sample. The substitute sample value con-
tains the information from the same phase in the vector
representation of the chrominance signal and therefore
contains the same color information as the defective
sample. In other words, if the defective sample was
taken at the (U~ V) vector phase, the substitute value 1s
also from that same (U+V) vector phase, but is dis-
placed only one horizontal line from the defective sam-
ple and is at the same vertical position along the hori-
zontal line as is the defective sample. The result of this
is that no arithmetic computation of any type 1s required
in order to obtain the value of the substitute word that
is to be inserted in place of the defective or missing
sample.

Reference is made to FIG. 1 which is a vector dia-
gram of a signal having the PAL television format. The
vector diagram illustrates the phase relationship be-
tween the U component (shown as directed toward the
right) and the V component (shown as directed up-
wardly) and its relationship to the color burst represen-
tation of the chrominance subcarrier of the PAL format
television signal. Although the U component is main-
tained at a constant phase, the phase relationship of the
V component alternates from (4 V) to (—V) on every
successive horizontal line, i.e., the phase of the V com-
ponent is reversed every line in the PAL format televi-
sion signal. Similarly, the phase of the burst which is
shown to be either +4-135° or —135° relative to the U
component also alternates between these two positions
on successive television lines. The analog video infor-
mation signal is sampled in accordance with the present
invention at a rate of four times the frequency of the
chrominance subcarrier which is approximately 4.43
MHz so that the sampling is accomplished at a rate of
approximately 17.7 MHz and the digital samples of the
analog signal are preferably eight bit data words. The
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eight bit data word samples comprise a data stream and
the data words may be serialized for recording and a
parity bit may be added to each data word for the pur-
pose of determining defective or missing data words

upon recovery or reproducing of the data. A parity

error detector of conventional design may be used to
detect defective or missing samples. The particular type

of error detector in and of itself is not considered to be
a novel aspect of the present invention. Rather, all that
is necessary is that defective samples be detected to
enable the error concealment aspect of the present in-
vention to be operated. To this end, a parity error de-
tecting apparatus such as is disclosed in the patent appli-
cation of Lemoine, Serial No. 117,745 and entitled *Par-
ity Checking Circuitry For Use In Multi-Bit cell PCM
Recording And Reproducing Apparatus”, now U.S.
Pat. No. 4,321,704, may be used.

In accordance with an important aspect of the present
invention, since the sampling of the PAL signal is done
at a sampling frequency of four times the subcarrier
frequency, there are four samples for each subcarrier
cycle. Referring to the vector diagram, there will be
four sample points located thereon which are along the
(U+V) axis and along the (U—V) axis which 1s perpen-
dicular to the (U+V) axis. Therefore, there will be
sample points at each of the locations of (U4 V),
—(U+4+V), U=V) and —(U—V). Therefore, the sam-
pling is accomplished at 45°, 135°, 225° and 315° relative
to the U difference component of the chrominance
which does not change phase from line to line. This 1s in
contrast with the other sampling techniques that are
accomplished along the U and V axes. As is also appar-
ent from the vector diagram, the colors associated with
the vector locations are also illustrated in the figure,
with blue being approximately on the U axis, red being
a few degrees from the V axis, yellow approximately on
the (—U) axis and cyan approximately on the (—V)
axis. The color bar representation of the fully saturated
colors are shown in FIGS. 2 and 3. These color bars
represent the maximum chroma amplitude for a 100%
saturation level that can occur in a PAL video signal.
The colors are shown adjacent a white level 10 which
occurs after the horizontal sync pulse 12 and the several
cycles of the burst component 14.

As is apparent from the vector diagram, the colors of

red, yellow, blue and cyan are all within a few degrees

of the respective U and V axes so that if sampling is
taken along these axes, then the amplitude of the appro-
priate vector will be its maximum value and the analog-
to-digital converter of the sampling means must use the
entire range to obtain the amplitude of the signal. For
example, if a fully saturated red color is sampled with a
sampling means that samples along the U and V axes,
then it will be comprised almost entirely of V compo-
nent and be of maximum value. As is shown in FIG. 2
for the various colors, the dynamic range of the A-to-D
converter that performs the sampling must extend from
— 32 IRE units for the red and blue colors to 4+ 132 for
yellow and cyan. If an A-to-D converter has 256 levels
which results when eight bits are used per sample, the
dynamic range of the A-to-D converter must extend
from —32 to + 132. However, in accordance with the
present invention, the sampling is accomplished along
the (U4-V) and (U—V) axes which are oriented at 45°
relative to the U and V axes. Stated in other words, the
(U+V) and (U—V) axes represent orthogonal axes that
are oriented 45° relative to the orthogonal U and V
axes. When sampling is performed along these axes,
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then the color yellow represents the vector addition of

the vectors (U4 V) and —(U—V), for example, and the
color blue represents the vector addition of the (U +-V)
sample and the (U—V) sample. When such is done, the
dynamic range for the A-to-D converter of the sam-
pling means must only sample from the value of —26 to
the value of 4126 which represents approximately
three db improvement with respect to chroma informa-
tion, and 0.66 db improvement when the total signal
having luminance and chrominance information is con-
sidered. Since the peak levels are smaller with the sam-
pling being performed along the (U+V) and (U-V)
axes, 1t 1s possible to have a sampling system with a
greater dynamic range, 1.e., the system can accommo-
date a signal having an increased level inasmuch as it
would be able to handle a signal within the extended
range of 126 to 132 and within the range of —26 to — 32.
Alternatively, if the dynamic range is reduced to ac-
commodate the peak levels from —26 to +126, the
A-to0-D converter will have greater resolution. This is
evident when it is considered that if the 256 levels of an
eight bit system is spread out over —26 to 4126 rather
than —32 to 4132, each level represents a proportion-
ally smaller amount of the range and therefore is of
greater resolution, i.e., each bit represents a lesser or
smaller part of the video signal.

The sampling along the prescribed axes in accor-
dance with the present invention results in a consider-

able improvement in the controlling of the accuracy of

the sampling means itself. As is shown in FIG. 1, the
burst component alternates on a line-by-line basis but is
located on the (U+V) and (U—V) axes. As previously
mentioned, 1t 1s the burst component which is used to
control the phase of the clock that controls the actual
sampling. This is done by sampling the burst, looking at
those samples to determine the phase of the burst, deter-

mine any phase error and thereby adjusting the phase of

the sampling clock to control the sampling clock phase
to remove any phase error. When sampling is per-
formed along the U and V axes, if everything is prop-
erly phased, the samples are taken through 45° relative
to the burst and it is necessary to make the phase error
determination from the amplitude of the samples. The
resolution of the least significant bit of an eight bit sam-
ple at 45° of a sine wave is proportional to the tangent
of the slope at 45° which is only 0.7 times the resolution
of the least significant bit relative to the zero crossing
points of the burst. Stated in other words, the tangent of
the slope at 45° is only 0.7 times the tangent of the slope
through 0°, -

The significance of this aspect may be appreciated by
the following example. If 1° of error at the zero crossing
point of the burst is equivalent to the least significant
bit, then 1° error at 45° while sampling at the 45° angle
of burst means that it would not be within the least
significant bit and therefore may represent a 1.4° error.
While it may be possible to increase the accuracy of the
phase of the sampling clock by utilizing a nine bit sys-
tem, the addition of an extra bit involves a significant
complication and expense. Also, while it is possible to
rotate the phase of the burst through 45° merely for the
purpose of controlling the phase of the sampling clock
while not changing the location of the actual samples
along the U and V axes, systems which perform such
rotation must do the rotation in the analog domain be-
fore it reaches the digital-to-analog converter and such
processes are not particularly effective and involve
additional circuitry and are also to be avoided.
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The increased accuracy of the phase of the sampling
clock without manipulating the burst or requiring addi-
tional bits to increase the resolution of the system has
the advantage of increasing the dynamic range of the
sampling system as previously mentioned and permits
simple, effective and efficient error concealment for
dropout compensation to be performed on the resulting
data stream. This can be readily seen from FIG. 4 which
illustrates, by way of example, a raster display with six
successive samples in each of three horizontal lines, i.e.,
line numbers 22, 23 and 24 (with the interlineated lines
of the subsequent field, i.e., lines 335 and 336 being
shown 1n phantom). Each of the samples shown in FIG.
4 is identified as having the luminance information (Y)
together with the chrominance information which rep-
resents the location thereof at any one of the (U4 V),
—(U4+V), (U-V) and —(U~—V) locations. Also, the
angle of the burst is identified adjacent the line number
identification which shows that line 22 has burst ori-
ented at — 135°, line 23 being inverted at 4135° and line
24 being at — 135°, Thus, for any particular sample, for
example, sample 16 in line 23, it can be replaced by the
sample immediately above it from line 22, since that
sample 1s taken at the identical location from the vector
diagram of FIG. 1 from the preceding line. Since the
sample 16 occurs at the same position along the horizon-
tal line, 1t 1s spatially relatively accurate in that it is
vertically spaced only one horizontal line from the
sample 16 and 1s identically located along the horizontal
lIime. Sample 20 which is adjacent to sample 16 and
represents the next sample taken along line 23 is shown
to be 1dentical in terms of its vector position as the
sample 22 located in line 24 which is the line succeeding
line 23. The arrows 24 and 26 merely show the direction
from which an identical sample is located and which
may therefore be a substitute sample for a sample in line
23 which may be defective or missing. As described
herein, a sample may be identified as a defective sample,
but it should be understood that a defective sample may
also comprise a missing sample, both instances of which
represent erroneous digital information for which error
concealment or dropout compensation should be ap-
plied. Only with the sample location structure that is
accomplished by the present invention is an identical
sample located above or below the sample of interest
for replacement of a defective sample of interest.

With the error concealment technique shown in FIG.
4, 1t should be appreciated that if a single sample in line
23 is detected as being defective, the substitute value
from the adjacent lines will represent one sample of a
subcarrier cycle of which three other samples are cor-
rect. Therefore, the single replacement sample will be
effectively averaged over four samples which is the
resolving power of the system, i.e., the D-t0-A con-
verter so that the spatial position will be reasonably
accurate. If part of or even an entire horizontal line of
video information is lost, e.g. line 23, then equal
amounts of replacement sample information will be
taken from the preceding in time horizontal line 22 as
well as the lower succeeding in time horizontal line 24
and the substitute information on line 23 will represent
the average of the information from horizontal lines 22
and 24.

Since the sampling i1s done on the (U+4V) and (U-V)
axes and these axes are the same axes as the zero cross-
ing of burst i1s evidenced from FIG. 1, the control of the
sampling clock also controls the sampling that is done
by the analog-to-digital converter. The circuitry that



4,519,001

7

controls the phase of the sampling clock will now be
described in connection with the block diagram of FIG.
7. As is shown therein, the digitized video data from the
A-to-D converter is applied on line 30, which is actually
eight lines of digital information and it 1s fed to a burst

phase memory 32 as well as a second burst phase mem-
ory 34, both of which are 16X 8 random access memo-

ries which operate to store 16 samples representing four
samples from four consecutive cycles of the burst. The
memories 32 and 34 are controlled by burst memory
timing circuitry 36 via lines 38 and 40. The timing cir-
cuitry has a burst gate signal on input 42 as well as an
analog burst signal on line 44, the latter of which effec-
tively determines the first zero crossing in the positive
direction which phases the write command to both
memories. Also, the write command effectively writes
in the four cycles of burst so that 16 samples are written
to both of the memories. The write command on line 40
that extends to the burst memory 34 operates on every
second horizontal line, i.e., on alternate lines, to refresh
the data in the memory so that circuitry downstream of
the memory 34 can perform an arithmetic determination
of any burst error that may be present relative to the
phase of the burst that is written in the burst memory 32.
The memory 32 is operated to write in the 16 samples
from four cycles of burst upon start-up of the recording
apparatus for reference and rephase in the event that the
phase error exceeds 30° which would occur in the event
of a “wild switch” or the like. A “wild switch” is gener-
ally defined as the switching from one video signal to
another where the phase relationship between the new
video signal and what was previously present is drasti-
cally different, i.e., greater than 30° of burst phase dif-
ference. If there is no large change in the burst phase,
then the burst store memory 32 will not be updated and
minor phase adjustments that are necessary will be ac-
complished by phase shifting circuitry in connection
with the circuitry downstream of the memory 34.
Returning to the first burst store memory 32, after the
data has 16 samples written therein, the samples are
repetitively read out and fed to a digital-to-analog con-
verter 46 via line 48 that is clocked by a four times
subcarrier clock on line 50 and provides an output on
line 52 to a bandpass filter 54, the output of which con-
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tains the recycled burst at the subcarrier frequency of 45

4.43 MHz which appears on line 56 and is applied to a
360° active phase shifting circuit 58. The phase shifting
circuitry normally operates to perform minor phase
correction and this phase corrected signal is apphed on
line 60 where it is multiplied by four in a multiplier 62.
Its output on line 64 is applied to another bandpass fiiter
66 which provides a four times subcarrier frequency
~ signal on line 68 that is limited by limiter 70 to produce
a square wave output on line 72 of 17.73 MHz. This
signal is divided by four by a divider 74 to provide the
4.43 MHz clock signal on line 76 that extends to other
circuitry in the recording and reproducting apparatus.
The 17.73 MHz signal on line 72 also extends through
switch 78 to provide the four times subcarrier square
wave clock on line 80 that provides the sampling clock
signal for the A-to-D converter. The A-to-D converter
digitizes the analog video information signal including
the burst component, which in digital form is applied to
line 30. The switch 78 has a control line 42 that 1s con-
trolled by a burst gate signal and during the presence of
burst, it is switched to its lower position (not shown)
whereby a 17.73 MHz signal on line 84 from a voltage
controlled oscillator 86 provides the clock signal during
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the burst time. The voltage controlled oscillator 86 1s
synchronized to the input analog video information
signal from line 128 and the signal on line 84 also con-
trols the D-to-A converter 46. As previously men-
tioned, the digitized burst data from the analog-to-digi-

tal converter on line 30 is also applied to the second
burst store memory 34 and is written in in real time as 1s
necessary. The stored information which is updated on

alternate horizontal lines is read out on lines 88 to a pair
of parallel-to-serial converters 90 and 92. The parallel-
to-serial converter 90 has output line 93 which provides
a serial stream representing the odd samples, i.e., the
samples Sy, S3. .. Si5 as shown in FIG. 6 and these
samples are processed by a serial summer and integrator
circuit 94 which performs an arithmetic averaging of all
odd numbered samples of the four subcarrier cycles of
samples. The summation is performed in accordance

with the expression below:

T=51—-534+S5—574+ ... —3S1s.

The resulting value represents an averaging of the error
values and thereby represents the phase error at the
maximum and minimum points of the sampled burst
cycles which represent the cosine value of the error at
those points. This value appears on line 96 that is ap-
plied to a serial-to-parallel converter 98 which is fed to
a latch and digital-to-analog converter 100 via line 102
and it is this analog DC voltage that appears on line 104
that extends to provide one of the controls of the phase
shifter 38.

The lower path of line 88 which is applied to the
parallel-to-serial converter 92 which receives the even
samples, i.e., So, S2, S4, S¢. . . S14and these samples are
serialized and upper on line 106 to another serial sum-
mer and integrator circuit 108 which performs an aver-
aging function for these values in accordance with the

following expression:

Z2=50—382+S54—S6+ ... —314.

The average value appears on line 110 that is fed to a
serial-to-parallel converter 112 and the sine value of the
phase error appears on line 114 to another latch to digi-
tal-to-analog converter 116 which has another DC volt-
age representing the sine of the error which appears on
line 118 that also extends to control the phase shifter 38.
The cosine value from the line 118 provides the sig-
nificant control of the phase shifter for those small er-
rors that should be experienced during relatively nor-
mal operation of the apparatus, and in this regard, phase
errors on the order of only a few degrees should nor-
mally be experienced during operation of the apparatus.
In the event the phase of the video data changes dramat-
ically, the error will be detected and will appear as a
large error value on line 114 and this line also extends to
a detector circuit 120 which provides an output signal
on line 122 if the error is greater than 30°. The signal on
line 122 is applied to the timing circuitry 36 which
causes the line 38 to write in a new series of burst sam-
ples into the burst store memory 32. The line 122 also
extends to the latch and digital-to-analog converters 100
and 116 which forces the output on line 118 to a one
cosine value and the output on line 104 to a zero sine
value which effectively forces a zero error condition on
both of the lines which control the phase shifter 38.
The parallel-to-serial converters 90 and 92 are con-
trolled by a pair of oppositely phased clocks so that



9

when the 16 samples are applied at their inputs via line
88, the clocks effectively clock the odd samples into the
circuit 90 and the even samples into circuit 92. These

- clocks are applied by a horizontal timing circuit 124
having output lines 126 which extend to the circuit 90, 5
92, 94, 108, 98, 112, 100 and 116. The horizontal timing
circuitry also clocks an address counter which ad-
dresses the memory 34 during read operation. The
phase shifter 58 is of conventional design and is of the
type which comprises two balanced modulators whose 10
outputs are summed together. The modulators are fed
with sine waves of the recycled burst from filter 54 and
one modulator 1s at zero degrees while the other is at
90°, The DC voltages on lines 104 and 118 control the
AC gam of each of the modulators and the outputs are 15
summed so that a four quadrant multiplying modulator
operation is achieved, thereby providing a 360° active
phase shifter which is controlled by the magnitudes of
the DC voltages on the control lines 104 and 108.

Turning now to the error concealment apparatus of 20
the present invention that accomplishes the error con-
cealment shown in FIG. 4, reference is made to FIG. 5
which is a functional block diagram of circuitry which -
will perform the error concealment operation. As
shown therein, the data is applied to input 130 which 25
actually represents a data stream of eight bit data word
samples plus a parity sample which will enable an error
detector to determine whether a particular data word
sample 1s defective or missing. The data is applied to a
pair of latches 132 and 134 which are clocked by line 30
136 from a clock timing circuit 138 which has 4F,. and
2Fs mnput clocks and which generates clocks for con-
trolling the clocking of the data through the various
latches and also for controlling the timing of the read/-
write cycles in the memories and the like. The data is 35
split into upper and lower paths and is operated upon by
substantially similar circuitry in each of the paths. The
division of the data into the two paths is performed to
permit standard TTL circuitry to be able to accommo-
date the data rates that are employed herein, namely, 40
the 17.7 MHz data stream on line 130. It should be
apparent that if circuitry were used which would ac-
commodate a 17.7 MHz data stream, then it would be
unnecessary to split the data into the two paths shown
in FIG. S. 45

In the operation of the circuitry shown in FIG. 5,
alternate samples are clocked into the upper and lower
paths and the clock timing circuitry 138 effectively
latches data alternately into latch 132 and 134. The
output of latch 132 appears on line 140 which is the 50
input of a second latch 142 which is needed to align the
samples 1n the upper and lower paths so that the samples
in the upper stream will not be staggered with respect to
those in the lower path. Since the data is first latched
into the upper latch 132, the second latch 142 delays the 55
data in the upper path by one half clock period and
thereby eliminates the need for two phases of 8.86 MHz
clocks, two address counters for the memories and the

like.

Since the upper path circuitry is substantially similar 60
to the lower path circuitry, only the upper path cir-
curtry will be described in detail. The output of latch
142 appears on line 144 which is applied to a tri-state
latch 146 as well as another tri-state latch 148. The data
on line 144 is essentialy that of horizontal line 24 and it 65
1s applied to a one line delay, indicated generally at 150,
and comprises the tri-state latch 148, a random access
memory 152, an input/output data bus 154, a tri-state
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latch 156 and output line 158. The data on line 158 is
delayed one horizontal line with respect to the data on
line 144 and therefore represents information from hori-
zontal line 23. The Iine 158 is also applied to the input of
another one line delay, indicated generally at 160,
which comprises a tri-state latch 162, input/output data
bus 164, tri-state latch 166 and random access memory
168 and its output appears on line 170 which is wire
ORed to line 172 which in turn is wire ORed to line 158
and the output line 174 of tri-state latch 146. The data
on line 170 is delayed one horizontal line with respect to
the data on line 158 and therefore contains information
from horizontal line 22. The tri-state latches 146, 156
and 166 are all capable of applying data onto their out-
put lines and therefore onto line 172 which is connected
to the mput of yet another tri-state latch 176 which has
output line 178 that is wire ORed to a similar line 178’ to
provide an uitimate output 80. The output line 178’ is
from a tri-state latch 176’ that has input line 172’ which
1s wire ORed to similar output lines 174’, 158’ and 170'.
The tri-state latches 176 and 176’ ae controlled by clock
signals 180 and 180’ which are oppositely phased clocks
which alternate to provide output signals therefrom to
reacquire the normal timing of the data from the two
paths in the form that was provided at the input line 130.
Each of the one line delays 150 and 160 operates
identically and comprise a random access memory
which is addressed by an address counter 182 via lines
184. The address counter is clocked by a 2F, clock
signal on line 186. Tri-state latches 148, 156, 162. 166
and 146 are similarly clocked by the clock timing cir-
cuitry via line 188 and this clock signal is a 2F,, fre-
quency signal. The memories 152 and 168 are addressed
so that a full horizontal line of data words are contained
in each of the memories to accomplish a one line delay.
It should be appreciated that a shift register of compara-
ble capacity could also be used rather than a random
access memory, if desired. The read and write opera-
tions are controlled so that for a given address a read
cycle occurs prior to a write cycle with each data word
being appropriately controlled by proper operation of
the tri-state latches 148, 156 and the memory 152. Dur-
ing a read operation, the tri-state latch 148 is tri-stated,
the tri-state latch 156 is adapted to have a data word
latched therein when the memory 152 places the word
onto the bus 154. After the word has been latched in the
latch 156, output of the latch 148 is enabled and puts the
next word onto the bus 154 whereupon a write opera-
tion 1s accomplished in the memory and the word is
thereby written into memory. After the word is written
int0 memory, the address counter 182 increments the
memory to perform a read operation. This cycle is re-

petitively performed as should be appreciated.

As should be apparent from the illustration of FIG. 4,
any defective or missing samples will be compensated
for when they are in the relative position of horizontal
line 23. Therefore, the line 23 parity information is ap-
phied via line 187 which is the input of an error detector
189 of conventional design, which detects whether
there 1s an error in the parity information and provides
an output signal on line 190 when such occurs. Correc-
tion selector logic circuitry 192 then controls the appro-
priate substitution of a data sample from either horizon-
tal line 22 or horizontal line 24 in the manner previously
described. The correction selector logic 192 also has an
input line 194 which is a line rate signal that is also
applied to the address counter 182 to zero the counter
when a new horizontal line of information is to be pro-



4,519,001

11

cessed through the memories. The correction selection
logic 192 has output lines 202 and 202" which extend to
the tri-state latches 156, 166, 146 and those of the lower
path circuitry to control which of these latches will
apply data to their respective outputs and therefore
onto the lines, 172’ and eventually to the output line 200.
When the data is present and not defective, tri-state
latch 158 will be controlled to apply data onto line 158
as this is the line 23 data and contains the normally
appearing data. In the event that the error detector 189
determines that a data word is defective, then the con-
trol line 202, which in actuality comprises two control
lines, effectively tri-states the latch 156 and simulta-
neously controls either latch 146 or 166 to apply data
onto the output and effectively substitute either the data
word from horizontal line 22 or horizontal line 24 into
the data stream. The logic 192 controls the signal on line
202 so that the data from latch 146 and 166 alternately
appears on line 172 in accordance with the scheme
shown in FIG. 4. Since the burst phase alternates every
line, the signal on line 202 changes on a line-by-line rate
so. as to automatically switch the operation of the
latches 146 and 166 so that the appropriate data word 1s
applied to the line 172. It should be apparent that the
correction selection logic 192 automatically controls
the apparatus to insert the correct substitute data word
whenever the error detector detects a defective sample.
The three tri-state latches 146, 156 and 166 are thereby
controlled so that either the data word of interest on
horizontal line 23 is ultimately applied to the output 200
or one of the data words from either horizontal line 22
or 24 is applied thereto.

From the foregoing description, it should be appreci-
ated that the present invention offers many advantages
for performing error concealment for a PAL format
video information. The sampling technique described
herein results in a particular phase location of the sam-
ples relative to the chroma subcarrier which effects a
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simple, efficient, and effective error concealment of 40

defective or missing samples.

While certain preferred embodiments of the present
invention have been illustrated and described herein,
various modifications, alternatives and equivalents
thereof will become apparent to those skilled in the art
and, accordingly, the scope of the present invention
should be defined only by the appended claims and
equivalents thereof.

Various features of the invention are set forth in the
following claims.

What is claimed is:

1. Apparatus for providing substitute digital data
samples in a stream of digital data samples taken from an
analog video information signal having a PAL televi-
sion format that has been digitally sampled at four times
the frequency of a color subcarrier of the video signal at
instants of 45°, 135°, 225° and 315° relative to the U
chrominance component of said video information sig-
nal, said digital data stream having samples correspond-
ing to horizontal line locations of a raster display of
successive horizontal lines wherein said locations of
each line are vertically aligned with said locations of the
other lines, said apparatus comprising:

means for receiving data word samples from at least

three successive horizontal video lines and for stor-
ing said video data samples from at least two of said
horizontal video lines;
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means for detecting a missing or defective sample in
one of said video lines and for generating an indi-
cating signal when a missing or defective sample 1s
detected;

means, responsive to said indicating signal and opera-

tively coupled to said receiving and storing means
and to said detecting means, for inserting a substi-
tute data sample into said one video line for said
missing or defective data sample, said substitute
data sample being selected from one of the samples
of one of the preceding or succeeding horizontal
lines relative to said one video line, said substitute
data sample selected being vertically aligned and
correspondingly phased relative to said missing or
defective sample.

2. Apparatus as defined in claim 1 wherein said re-
ceiving and storing means comprises two delay means
connected in series with one another, each of said delay
means being adapted to provide a delay 1n the amount
of one horizontal line of video information.

3. Apparatus as defined in claim 2 wherein each of

said delay means comprises digital means having an

input and an output wherein the digital data samples are
clocked into the input and are clocked out of the output
one horizontal line later.
4. Apparatus as defined in claim 3 wherein each of
said delay means comprises a digital random access
memory.
5. Apparatus as defined in claim 3 wherein each of
said delay means comprises a digital shift register.
6. Apparatus for providing substitute digital samples
in a data stream of digital samples taken from a video
information signal having a PAL television format that
has been digitally sampled at a frequency of four times
the chroma subcarrier at locations that are 45°, 135°,
225° and 315° relative to the U chroma component of
the video signal, said digital data stream having samples
corresponding to horizontal line locations of a raster
display of successive horizontal lines wherein said loca-
tions of each line are vertically aligned with said loca-
tions of the other lines, said apparatus comprising:
means for receiving said data word samples from at
least three successive horizontal video lines and for
storing said video word samples from at least two
of said horizontal video lines so that video data
samples from at least three successive horizontal
video lines are simultaneously available;
means for examining said data samples and for detect-
ing a defective sample in one of said video lines and
for generating an indicating signal responsive to a
defective sample being detected; .

means, responsive to said indicating signal and opera-
tively coupled to said receiving and storing means
and to said detecting means, for inserting a digital
sample into said one video line for said defective
sample, said digital sample inserted being from a
sample in one of the preceding or succeeding video
lines relative to said one video line having the de-
fective sample and being an identically phased
sampie which is vertically oriented relative to said
defective sample.

7. Apparatus as defined in claim 6 wherein said insert-
ing means is automatically adapted to alternately insert
data samples from the preceding and succeeding lines
on a sample by sample basis, said inserting means insert-
ing the automatically selected samples in response to

receiving said indicating signal.
: : * X X
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